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The Amygdala, Stress, and Posttraumatic Stress Disorder
(PTSD) Conference, often referred to simply as The Amyg-
dala Conference, is a continuing education conference held
each April at the Uniformed Services University (USU)
and sponsored by The Center for the Study of Traumatic
Stress in collaboration with the USU Department of Psy-
chiatry, USU Neuroscience Program, USU Department
of Family Medicine, and The Walter Reed National
Military Medical Center Department of Psychiatry. Free
and open to the public, this conference brings together
nationally and internationally recognized scientists and
clinicians to help support the translation of high-quality
science into excellent clinical care.
Dedicating an entire conference to the amygdala
stems from its neurobiological importance. The amygdala,
a pair of almond-shaped clusters of nuclei located medially
and deep in the temporal lobe, is a complex structure
with variable processes and connections. Adding an addi-
tional level of complexity is its internal physiology, which
varies between nuclei (Sah et al., 2003). The alterations in
these processes as well as the internal physiology are fun-
damentally important to understanding a range of disor-
ders, which can cause substantial suffering, including
increased morbidity and mortality among a wide range of
individuals, as well as having substantial impact on families
and their communities.
The amygdaloid complex comprises approximately
13 nuclei, including the basolateral complex, medial
nucleus, cortical nucleus, central nucleus, and intercalated
cell clusters (Krettek and Price, 1978; Lang and Pare,
1998). Each nucleus receives inputs from multiple, yet
distinct, brain regions but also has extensive intranuclear
and internuclear connectivity. Efferent projections from
the amygdala are widespread and include both cortical
and subcortical regions (McDonald, 1998; Pitkanen,
2000). The amygdala as a whole comprises primarily glu-
tamatergic pyramidal neurons and, to a lesser extent,
GABAergic inhibitory interneurons. However, as in the
case of the basolateral complex, GABAergic activity
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predominates, leading to extremely low levels of sponta-
neous activity (McDonald, 1992; Pare et al., 1995; Pare
and Gaudreau, 1996; Mahanty and Sah, 1998; Pare and
Smith, 1998).
The amygdala plays a pivotal role in emotional
memory processing and, in particular, the processing of
fear-provoking experiences (Duvarci and Pare, 2014;
Janak and Tye, 2015). Recent evidence, however, has
revealed a more essential role for the amygdala than was
previously thought. Indeed, excess acetylcholine (ACh) in
the amygdala, resulting from the loss of acetylcholinester-
ase, the catalyzing enzyme for ACh, results in seizure gen-
eration after exposure to the nerve agent soman (Prager
et al., 2013). Furthermore, excessive activation of the
amygdala may contribute to the cluster of PTSD symp-
toms, including hypervigilance, intrusive memories, and
impaired sleep (Diamond and Zoladz, 2016). Alterna-
tively, a failure of the amygdala to function properly may
be central to the development of Urbach-Wiethe disease,
which impairs fear responses and emotional memory
processing (Koen et al., 2016).
The complexity of the amygdala has understandably
resulted in an impressive array of invaluable research with
strong clinical implications. The 2014 and 2015 Amygdala
Conference themes were from “Bench to Bedside” and
“Of Mice and Man,” respectively. The significance of
these 2 years, in particular, was the emphasis of transla-
tional research and clinical application. In 2014, Joshua
Corbin, Alexander Crawford, and Israel Liberzon were
among the speakers. Their talks emphasized animal mod-
els as well as translational implications in understanding
specific disorders. For example, Dr. Corbin spoke about
the role of the amygdala in fragile X syndrome, a neuro-
developmental disorder, and Dr. Crawford’s talk empha-
sized the use of zebrafish as a model for exploring the role
of the amygdala in emotional memory and motivational
behavior. Dr. Liberzon spoke about contextual processing
in PTSD in animal models and in humans.
In 2015, a more clinical and holistic approach to
understanding the role of the amygdala in health and dis-
ease was highlighted. Dr. Jacek Debiec provided strong
evidence that offspring learn adaptive and maladaptive
behaviors, such as anxiety, from their parents and that this
may lead to significant increases in amygdala activity. Dr.
Abigail Marsh reviewed various theories concerning the
role of the amygdala in perceiving fearful expressions and
explained how dysfunction in the amygdala may be asso-
ciated with an inability to recognize others’ fear, while
Dr. Daniel Stein spoke of trauma and PTSD in South
Africa. Dr. Harvey Pollard reviewed how the amygdala
might act as a network hub and explained what changes
in this network reveal about normal and pathological
conditions.
After concluding last year’s Amygdala Conference, we
realized that, to facilitate the translation of high-quality
science into excellent clinical care, we had to reach an
audience beyond the conference attendees. Therefore, as
part of the tenth anniversary of the Amygdala Conference,
we collaborated with the Journal of Neuroscience Research to
create this Special Issue enmtitled “The Amygdala: Dys-
function, Hyperfunction, and Connectivity.”
In compiling this Special Issue, we asked prior con-
ference speakers, along with other top-notch scientists
studying the amygdala, to submit articles for considera-
tion. The positive response that we received to this and
to our call for content shows the high value placed on this
topic by the community. The result is an outstanding col-
lection of scholarship centered on the topic of the
amygdala.
We begin by covering a question that is the heart of
the title of this issue: is the amygdala hyperfunctional or
dysfunctional in different diseases? Diamond and Zoladz
(2016) argue that speaking of the amygdala as dysfunc-
tional may be inappropriate for some disorders, including
PTSD. Rather than the amygdala being impaired, the
authors address whether the symptoms of PTSD represent
a sensitized (hyperfunctional) status. Indeed, they suggest
that the amygdala is functioning optimally if the goal is to
ensure a person’s survival but that the cost of a hyperfunc-
tional amygdala may be PTSD.
To understand better the role of the amygdala and
its biological processes in different diseases, it is important
to use animal models. Perathoner et al. (2016) provide an
excellent review discussing the potential of zebrafish as a
model for exploring the role of the amygdala in emotional
memory and motivational behavior. This model of emo-
tional memory and motivational behavior may have rele-
vance to understanding trauma-related disorders such as
PTSD. Cota et al. (2016) discuss how electrical stimula-
tion of the amygdala may be a novel means to treat medi-
cally refractory epilepsy. In particular, they review
evidence demonstrating that temporally unstructured
electrical stimulation of the amygdala is capable of sup-
pressing both acute and chronic spontaneous seizures.
This may be of great clinical significance. Controlling
seizures is essential and, as Yilmazer-Hanke et al. (2016)
discuss, without proper treatment the structural and func-
tional changes that occur within the amygdala may con-
tribute to comorbid anxiety, depression, and other
psychiatric symptoms experienced in the interictal phase,
especially in pharmacoresistant epilepsy.
The important use of animal models in understand-
ing human disease states is further highlighted by Koen
et al. (2016). Comparing data from rodent models with
human cases, Koen et al. review investigations undertaken
on subjects with Urbach-Wiethe disease and find that the
lesions occurring in the human amygdala are consistent
with and support rodent models of selective basolateral
amygdala lesions. The comparisons between human and
rodent data indicate that the basolateral complex is inte-
gral to processing sensory stimuli and exhibits inhibitory
regulation of responses to unconditioned innate fear stim-
uli. The amygdala also plays a critical role in both generat-
ing and responding to experiences of fear. In her review,
Dr. Abigail Marsh (2016) critically examines amygdala
responsiveness to fearful expression. She details how sub-
jects with psychopathic traits, which typically emerge
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during development, are more likely to have a hypoactive
amygdala as a result of damage or dysfunction.
Animal models have also been used to understand
early developmental and intergenerational mechanisms.
Debiec and Sullivan (2014) have previously shown that
rodents acquire maternal fear through social learning at
birth via an amygdala-dependent mechanism. In this Spe-
cial Issue, Chang and Debiec (2016) show that the
mother-to-infant transmission of fear in preweaning rats is
also associated with a significant increase of activity in
multiple subcortical brain regions beyond the amygdala.
Although it is also known that stress throughout child-
hood is associated with structural changes in the brain,
Evans et al. (2016) provide new translational evidence
from human subjects that exposure to chronic stress via
cumulative risk exposures during childhood leads to larger
amygdala volumes and elevated amygdala reactivity in
adulthood. However, structural changes do not occur
only as a result of chronic stress. In a Letter to the Editor,
Williams et al. (2016) find clear neuroarchitectural
changes in the basolateral amygdala but not the centrome-
dial amygdala of schizophrenic patients.
Although a substantial portion of the issue is devoted
to translational research, this issue also provides a series of
studies and reviews examining how different diseases lead
to changes in synaptic transmission and the importance of
animal models in the development of novel therapies.
Prager et al. (2016) provide an overview of the GABAer-
gic inhibitory system within the amygdala in health and
disease. The authors discuss mechanisms that modulate
inhibitory synaptic transmission within the basolateral
complex and how different deficits in inhibitory synaptic
transmission contribute to various disorders. One such
disorder that is discussed is fragile X. Studies have found
pathological changes in GABAergic neurotransmission in
this neurodevelopmental disorder, leading to alterations in
the excitatory/inhibitory balance in local circuits, includ-
ing the amygdala (Paluszkiewicz et al., 2011). In an origi-
nal research article, Martin et al. (2016) target tonic
inhibitory transmission to treat neurophysiological symp-
toms such as anxiety in a fragile X model. They find that
application of a novel agonist targeting extrasynaptic
GABAA receptors rescues inhibitory neurotransmission in
the amygdala and improves the excitatory/inhibitory bal-
ance. Changes in excitatory neurotransmission are also
discussed. In another original research article, Klein et al.
(2016) find that, after a mild traumatic brain injury (TBI),
excitatory synaptic transmission is increased. Exposing
animals to stress prior to TBI was found to lead to a sig-
nificant decrease in excitatory synaptic transmission after
TBI.
In an excellent summary article, Mears and Pollard
(2016) discuss the complex network that is the brain and
the role of the amygdala as a hub in health and disease.
Their article explains how graph theory has been applied
to study structural and functional networks in the brain.
Some brain networks are highly connected hubs, which
play an essential role in information processing because of
their high connectivity and centrality. The amygdala may
be considered a network hub because it is considered one
of the most highly connected regions of the brain.
Changes in the nodal properties of the amygdala are pres-
ent in depression but may also be present in other neuro-
logical diseases. The authors rightfully conclude this
inaugural issue by suggesting that focusing operational
attention on the amygdala network and its associated
functional and anatomical systems will contribute to the
development of new tools to predict, diagnose, and design
individualized treatment strategies for a broad range of
neurological and psychiatric disorders.
This Special Issue, rather than representing a culmi-
nation of 10 years of conferences, is the beginning of fur-
ther efforts to communicate this excellent science to other
researchers and clinicians. Moving forward, we are
excited about our next conference, the 11th annual
Amygdala, Stress, and PTSD Conference: The Effects of Stress
and Loss (www.amygdalaPTSDconference.org). We will
hear presentations from five esteemed scientists, including
Stephen Suomi, Patrizia Casaccia, Naomi Simon, Michael
Fanselow, and David Krantz, each of whom will speak
about different biological mechanisms underlying stress,
loss, fear, and downstream effects of PTSD. We will take
this opportunity to continue our collaboration with The
Journal of Neuroscience Research through the In Focus Sec-
tion, which is a collection of articles that focuses on
updating a particular subject within neuroscience.
ACKNOWLEDGMENTS
We thank Dr. Joshua Plotkin and Dr. Caterina Cuhna for
their critical input and revisions to this article.
CONFLICT OF INTEREST STATEMENT
The authors declare that there are no conflicts of interest.
ROLE OF AUTHORS
All authors take responsibility for the integrity and accu-
racy of this article. Drafting of the manuscript and critical
revisions of the article: EMP, GHW, RJU.
REFERENCES
Chang D-J, Debiec J. 2016. Neural correlates of the mother-to-infant
social transmission of fear. J Neurosci Res 94:526–534.
Cota VR, Bacellar Drabowski BM, de Oliveira JC, Moraes MFD. 2016.
The epileptic amygdala: toward the development of a neural prosthesis
by temporally coded electrical stimulation. J Neurosci Res 94:463–485.
Debiec J, Sullivan RM. 2014. Intergenerational transmission of emotional
trauma through amygdala-dependent mother-to-infant transfer of spe-
cific fear. Proc Natl Acad Sci U S A 111:12222–12227.
Diamond DM, Zoladz PR. 2016. Dysfunctional or hyperfunctional? The
amygdala in posttraumatic stress disorder is the bull in the evolutionary
China shop. J Neurosci Res 94:437–444.
Duvarci S, Pare D. 2014. Amygdala microcircuits controlling learned
fear. Neuron 82:966–980.
Evans GW, Swain JE, King AP, Wang X, Javanbakht A, Ho SS,
Angstadt M, Phan KL, Xie H, Liberzon I. 2016. Childhood cumulative
risk exposure and adult amygdala volume and function. J Neurosci Res
94:535–543.
Janak PH, Tye KM. 2015. From circuits to behaviour in the amygdala.
Nature 517:284–292.
Tenth Annual Amygdala, Stress, and PTSD Conference 435
Journal of Neuroscience Research
Klein RC, Acheson SK, Qadri LH, Dawson AA, Rodriguiz RM, Wetsel
WC, Moore SD, Laskowitz DT, Dawson HN. 2016. Opposing effects
of traumatic brain injury on excitatory synaptic function in the lateral
amygdala in the absence and presence of preinjury stress. J Neurosci
Res 94:5796¼589.
Koen N, Fourie J, Terburg D, Stoop R, Morgan B, Stein DJ, van Honk
J. 2016. Translational neuroscience of basolateral amygdala lesions:
Studies of Urbach-Wiethe Disease. J Neurosci Res 94:504–512.
Krettek JE, Price JL. 1978. A description of the amygdaloid complex in
the rat and cat with observations on intra-amygdaloid axonal connec-
tions. J Comp Neurol 178:255–280.
Lang EJ, Pare D. 1998. Synaptic responsiveness of interneurons of the cat
lateral amygdaloid nucleus. Neuroscience 83:877–889.
Mahanty NK, Sah P. 1998. Calcium-permeable AMPA receptors mediate
long-term potentiation in interneurons in the amygdala. Nature 394:
683–687.
Marsh AA. 2016. Understanding amygdala responsiveness to fearful
expressions through the lens of psychopathy and altruism. J Neurosci
Res 94:513–525.
Martin BS, Martinez-Botella G, Loya CM, Salituro FG, Robichaud AJ,
Huntsman MM, Ackley MA, Doherty JJ, Corbin JG. 2106. Rescue of
deficient amygdala tonic gamma-aminobutyric acidergic currents in the
Fmr mouse model of fragile X syndrome by a novel gamma-
aminobutyric acid type A receptor-positive allosteric modulator.
J Neurosci Res 94:568–578.
McDonald A. 1992. Cell types and intrinsic connections of the amygdala.
In: Aggleton J, editor. The amygdala: neurobiological aspects of emo-
tion, memory, and mental dysfunction. New York: Wiley-Liss, Inc.
McDonald AJ. 1998. Cortical pathways to the mammalian amygdala.
Prog Neurobiol 55:257–332.
Mears D, Pollard HB. 2016. Network science and the human brain:
using graph theory to understand the brain and one of its hubs, the
amygdala, in health and disease. J Neurosci Res 94:590–605.
Paluszkiewicz SM, Martin BS, Huntsman MM. 2011. Fragile X syn-
drome: the GABAergic system and circuit dysfunction. Dev Neurosci
33:349–364.
Pare D, Gaudreau H. 1996. Projection cells and interneurons of the lateral
and basolateral amygdala: distinct firing patterns and differential relation to
theta and delta rhythms in conscious cats. J Neurosci 16:3334–3350.
Pare D, Smith Y. 1998. Intrinsic circuitry of the amygdaloid complex:
common principles of organization in rats and cats. Trends Neurosci
21:240–241.
Pare D, Pape HC, Dong J. 1995. Bursting and oscillating neurons of the
cat basolateral amygdaloid complex in vivo: electrophysiological proper-
ties and morphological features. J Neurophysiol 74:1179–1191.
Perathoner S, Cordero-Maldonado ML, Crawford AD. 2016. Potential
of zebrafish as a model for exploring the role of the amygdala in emo-
tional memory and motivational behavior. J Neurosci Res 94:445–462.
Pitkanen A. 2000. Connectivity of the rat amygdaloid complex. In:
Aggleton J, editor. The amygdala: a functional analysis. Oxford: Oxford
University Press.
Prager EM, Aroniadou-Anderjaska V, Almeida-Suhett CP, Figueiredo
TH, Apland JP, Braga MF. 2013. Acetylcholinesterase inhibition in the
basolateral amygdala plays a key role in the induction of status epilepti-
cus after soman exposure. Neurotoxicology 38:84–90.
Prager EM, Bergstrom HC, Wynn GH, Braga MF. 2016. The basolateral
amygdala gamma-aminobutyric acidergic system in health and disease.
J Neurosci Res 94:948–567.
Sah P, Faber ES, Lopez De Armentia M, Power J. 2003. The amygdaloid
complex: anatomy and physiology. Physiol Rev 83:803–834.
Williams MR, Pattni S, Pearce RK, Hirsch SR, Maier M. 2016. Basolat-
eral but not corticomedial amygdala shows neuroarchitectural changes
in schizophrenia. J Neurosci Res 94:544–547.
Yilmazer-Hanke D, O’Loughlin E, McDermott K. 2016. Contribution
of amygdala pathology to comorbid emotional disturbances in temporal
lobe epilepsy. J Neurosci Res 94:486–503.
436 Prager et al.
Journal of Neuroscience Research
